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WHAT IS^LAIMED IS 




A vision system hardware component simulation system for machine 
isi6n, comprising: 

a first model representing at least one object; 
a second model representing an optical system; and 
a processor that generates an image of a virtual world containing the at 
least one object based upon the first model and the second model. 

2. The vision system hardware component simulation system of claim 1, 
wherein: 

at least one of the first and second models includes information which 
characterizes \he relative orientation and position of the corresponding at least one 
object and the optical system; 

the image of the virtual world comprising an image of the at least one 
object as seen through the optical system. 

3. The i^^sien-system hardware component simulation system of claim 1, 
further comprising ^t least one additional model representing at least one of a stage, a 
workpieefe fixture andva lighting system, wherein the processor further generates the 
ima&e of the virtual wondma^d on the at le&st one additional model. 

4. The vj^ionWstem hardware component simulation system of claim 3, 
whereinthe at least one adcntion^modelflmher represents a stage table. 

5. The vision system hardware component simulation system of claim 3, 
wherein the at least one additipn^u model is a lighting system model that represents at 
least one of a magnitudp^color, a type\nd an orientation of at least one lighting 
source. 

6. The vision system hardware cWiponent simulation system of claim 3, 
wherein the first model comprises a representation of at least one of a position and an 
orientation of the at least one object relative to the\stage. 

7. The vision system hardware component simulation system of claim 1, 
wherein the second model comprises: 

a lens system model; and * * * r 

a lighting model. 
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The vision system hardware component simulation system of claim 1, 



wherein the first model comprises at least one of: 



a^world model; 

a static model; 

\ 

a stage mcxtel; and 
a component 

9. JTie vision^ysterfi h§ 
wherein the/World model is i 



recompt)^ent simulation system of claim 8, 
sast partially constructed from at least one of the static 
model, the (stage model and theVomjxment model. 
10 10. -The vision systenj hardw^5^p<Jmponent simulation system of claim 1, 

wherein the processor comprises: 
a rendering engine; and 
a lens effects engine. 

XVT The vision system hardware component simulation system of claim 1, 
15 wherein the processor comprises a rendering and lens effect en£i*ie. 

The vision systenfkhardware component simulation system of claim 1, 
wherein the second model represWs an optical system having an infinite depth of 
field. \ 

The vision system hardware component simulation system of claim 1, 
20 further comph^ing a control instruction generation system. 

14. Th^^sion systenrhai^ware component simulation system of claim 13, 
wherein the control htsmtction generation system comprises an inspection program 
generation syster 

15. /The vision syst^liatflWare componehj simulation system of claim 13, 
25 wherein the cqntrol instruction 'geperatibq system con^rises a motion command 

generation systfe 

16. The vision system hardware cprfi^ient simulation system of claim 1, 
wherein the second model characteriz^ih image capture system and a lens system. 

17. The vision systerrfhardware component summation system of claim 16, 
30 wherein the second model characterizes at least one of an aperthre, a focal length, an 

image magnification, and an optical system geometry of the lens sy&em. 
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18. The vision systemhardware component simulation system of claim 16, 
r*-wherenrthe^eeond^^ of an imagin g system pixel size 

and an imaging system pixel spacing^eftui image capture system. 

19. The vision sysfeiWhardware component simulation system of claim 1, 
further comprising a user interfac^that presents the image. 

20. The vision system Hardware component simulation system of claim 1, 
further comprising a use^ interface includes means for modifying at least one of the 
first and second models. 

2 1 . The vision system hardware component simulation system of claim 1 , 
further comprising a user interface for a machine vision inspection system to simulate, 
the user interface simulating at feast one operation of the machine vision inspection 
system independent of at least one\component of the machine vision inspection 
system. 

22. A method for simulating images based on the characteristics of at least 
one machine vision hardware component, comprising: 

generating a simulated image of a Virtual world containing at least one object 
based upon a first model that characterizes ttje at least one object and a second model 
that characterizes an optical system; and 

roviding the simulated image to a machine vision control system. 
23 >\ The method of claim 22, wherein generating the simulated image based 
on the first and s^eqnd models comprises: 

processing position jjata: characterizing a relative position and orientation of 
the at least one objectafid t^e optical system; 
processing component ^ta; y 
processing optical systenf^iBf ameters. 

24. The method of claim^3}\wherein generating the simulated image based 
on the first and second models further ccm^ri ses ipiwessing lighting system 
parameters, the lighting system paramete^incmding at least one of a position and an 
orientation relative to the at least one object, a maghjtude, a color and a type of at 
least one lighting source. 

25. The method of claim 22, wherein: 
the first model comprises at least one of a comp'hnent model, a stage 
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model and a static model; and 

generating the simulated image further comprises generating the 
^simulated image based on^ifR^st one of the component model, the stage model and 
the static iitode 

26. / The mSthoi^pf claim 25, wherein the stage model represents at least 
one of a stage^table and a mo\a^te-stage component. 

27. The method of claim^2^, wherein the component model includes a 
representation of at least one~of a position and aniJrieQtation of the at least one object 
on the movable stage component. 

10 28. The method ofifeJaim 22, wherein the second model characterizes an 

optical system with an infinit^ciepth of field. 

19. The method of claim 22, further comprising generating at least one 
inspectio\program instruction based on the simulated image. 

30. \ The method of claim 22, wherein the at least one inspection program 
1 5 instruction is bzised upon a user input. 

3 1 . The inethod of claim 22, further comprising generating at least one 
control instruction basb4 on thg-simul^ted image. 

32. The meth6fa of claim 3 1 , wherein generating the at least one control 
instruction based^n the simulated image comprise^gOTerating.arLinspection program. 

20 33. /The method of c^im Jlr^vfierein generating the at least one control 

instruction tfased on the simulatd3\piage comprises ^generating a motion command. 

34. V The method of claim 22, further comprising: 

altering at least one of tpeN^rsJ^dnd second models based on at least one 
user input; and 

25 modifying the^kfmlated imageNjased on the altered one of the first and 

second models. 

35. The method of claim 34, further coi^rising repeating the altering and 
modifying steps. 

36. The method of claim 35, wherein the repeating continues until the 
30 simulated image represents a machine vision system state desired by the user. 
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A method for facilitating the generation of at least one machine control 
instruction for a machine having a machine vision system independently of at least 
one element of the machine vision system, the method comprising: 

rendering a synthetic image of at least one object as viewed through the 
machine vision system baseqon a representation of at least one component of the 
machine vision system; and 

selecting a machine control instruction based at least in part on the 
synthetic image. 

38. The method of claiih 37, wherein rendering the synthetic image 
comprises updating in real-time a view of the at least one object through the 
simulation of the machine vision system in response to the user altering the 
representation of the at least one component of the machine vision system. 



39. The methodjifxlaim 37, wherein rendering the synthetic image is 
based on a deffth^jffe&is represented in the representation of the at least one 
component of the/madihie^isiQj^ystem. 

40. The method of claim^J7, further comprising: 
presenting the synthetic^ ima£©4j> / a user; and 

receiving a user input, \&Jiefein seleclhigjhe machine control instruction 
is in response to the user input." 

A method fbj generating a synthetic image independently of at least 
one element of a machine vision system, the synthetic image simulating an image 
from the machine vision systenmhe method comprising: 

initializing a scene of the synthetic image of at least one object as 
viewed through the machine vision system; 

adding a workpiece model^of at least one workpiece to the scene, the at 
least one workpiece positioned on a stage oi\the scene; 

obtaining at least one of a positum and an orientation of the stage 
relative to an optical system of the machine visiork system; and 

rendering the scene based on at least one of the characteristics of the 
optical system and the obtained relative position and orientation of the optical system 
to generate the synthetic ima§ 
42: 
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and. 



determining if any lens effects are to be applied to the rendered image; 
lany- lenseffects_are to be applied, applying the lens effects to the 



rendered image. 

43. The itfethod of cl&g&QT, mftRfe5,Qpmpnsing: 

determiniirgvif an external view is to Jbe rertdecgd based on the rendered 

scene; and 

if the external vieW4s-tcf5e rendered, rendering the external viewT 
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